Introduction: To identify and assess the characteristics, risk and outcome of neonates treated with empiric antibiotics for suspected early onset sepsis (EOS). Material and methods: This is a retrospective study conducted at a Malaysian government hospital. Records of neonatal patients admitted within 72 h of life and prescribed with empirical antibiotic therapy for suspected EOS were reviewed. Results: Three hundred and twenty-three cases met the inclusion criteria and were divided into gestational age (premature < 36 weeks; term ≥ 37 weeks) and birth weight (low birth weight (LBW) < 2.5 kg; normal body weight (NBW) ≥ 2.5 kg) groups. Premature (n = 197) and LBW (n = 194) neonates required significantly longer hospital stay, a higher degree of ventilator support and more surfactant (p = 0.001). More than 90.0% of premature and LBW neonates were diagnosed with respiratory distress syndrome, congenital pneumonia and presumed sepsis. Term (n = 123) and NBW (n = 129) neonates had greater maternal risk factors, especially meconium-stained amniotic fluid (MSAF) and perinatal asphyxia. The incidence of demonstrated EOS was 3.1%. Crystalline penicillin plus gentamicin was the standard therapy for all groups and was started within 24 h of life, with a mean treatment duration of ~4 days. The treatment success rate was 89.0%, and only LBW neonates showed a higher risk of overall treatment failure (OR = 3.75; 95% CI: 1.22-11.53). Seventy-four percent of term and NBW neonates discharged well, while 42.0% of premature and LBW neonates required referral. Conclusions: Crystalline penicillin plus gentamicin prescribed within 24 h of life is effective in the prevention of EOS. However, low birth weight neonates have a higher risk of treatment failure.
Introduction
The World Health Organization (WHO) has estimated that more than half of the approximately 7.5 million infant deaths in the world occur in the first 4 weeks after birth, and 98.0% of these neonatal deaths occur in developing regions. Meanwhile, the early neonatal mortality rate ranges from 3 to 4 per 1000 births in different states of Malaysia, according to the WHO neonatal and perinatal mortality report 2006 [1] . The main causes of neonatal death are infections, prematurity and birth asphyxia. Neonatal sepsis currently causes 1.6 million deaths annually in developing countries and is also the main reason for hospitalization in the Neonatal Intensive Care Unit (NICU) [2, 3] .
Early onset sepsis (EOS) is defined as a clinical syndrome of bacteremia with systemic signs and symptoms of infection in the first 4 weeks of life. It also can be defined microbiologically from positive cultures of blood, cerebrospinal fluid or urine specimens. The WHO collaborating center for training and research classified EOS as onset of symptoms before 72 h of life. However, there are variable EOS definitions in the literature, and it may range from 48 h up to 6 days after delivery [4] [5] [6] . Early onset sepsis manifests frequently as pneumonia presenting with respiratory distress and less commonly as septicemia or meningitis.
Making an early diagnosis of neonatal sepsis demands a highly suspicious index of clinical manifestations such as lethargy, refusal to suckle, poor cry, not arousable, abdominal distension, diarrhea, vomiting, hypothermia, poor perfusion, poor weight gain, shock, bleeding and renal failure. The clinical manifestations that are particularly suggestive for pneumonia are cyanosis, tachypnea, chest retractions, grunts or gasping and apnea. Other clinical manifestations are fever, seizures, blank look, high pitch cry, excessive crying or irritability, neck retraction and bulging fontanel; these are particularly suggestive of meningitis [7] .
Early onset sepsis is normally caused by microorganisms that colonize the mother's genitourinary tract. The most common microorganisms isolated include group B Streptococcus (GBS), Escherichia coli, coagulase-negative Staphylococcus (CoNS), Haemophilus influenzae and Listeria monocytogenes [2, 8] . The choice of empiric antibiotic in suspected EOS must cover both Gram-positive and Gram-negative bacteria. The combinations penicillin/ampicillin plus gentamicin and penicillin/ampicillin plus cefotaxime intravenously are the recommended therapy for empiric treatment in suspected EOS cases [9] .
There are several factors that can increase the risk of developing EOS, such as prolonged labor, preterm rupture of the membrane (PROM), prolonged PROM > 18 h, maternal intrapartum fever, urinary tract infection (UTI) and chorioamnionitis [8] . Other factors include low birth weight and aspiration of meconium [7] . Naher et al. further reported that both low birth weight (LBW) babies and PROM are important risk factors for developing sepsis [8] . Until now, EOS has been the most significant risk factor for mortality and morbidity in full term neonates [9] , extremely preterm neonates [10] and LBW preterm neonates [4, 5, 11] . It is important to stress that Stoll et al. showed that infection in the neonatal period is associated with poor neurodevelopmental and growth outcomes in early childhood [5] .
Nevertheless, there is still a lack of strong evidence to determine the best empiric antibiotic regimen to prevent and reduce the complication of EOS. Although a randomized controlled trial is the gold standard to determine the best treatment option, most often it is not ethically justifiable to perform one in a neonatal population [12] . Due to limited information available on EOS, especially in developing countries, a current assessment on treatment practices provides much-needed evidence for future practice in terms of diagnosis and treatment [13, 14] . Thus, our study aimed to investigate the demographics, risk and outcome of neonates treated with empiric antibiotics in a Malaysian public tertiary hospital.
Material and methods

Study design and population
This retrospective study was conducted in a tertiary hospital in Malaysia. Neonates admitted to the NICU within 72 h of life over a period of one and a half years (January 2011-March 2012) were identified from medical records. Medical records of neonates who met the inclusion criteria were selected; those with incomplete data were excluded.
Sampling procedure
Neonates were included in the study on the basis of the following criteria for sample selection: (i) neonates admitted to the neonatal ward within 72 h of life, (ii) neonates diagnosed with suspected EOS (optional) and (iii) neonates started on an empiric antibiotic regimen, i.e. penicillin/ampicillin plus gentamicin or ampicillin/penicillin plus cefotaxime, within 72 h of life. Subjects had to meet criteria (i) and (iii) for inclusion in the study. Neonates who were discharged or died within 72 h after empiric antibiotic exposure, with severe heart complications, started on another empiric antibiotic regimen, with a proven infection such as meningitis, necrotizing enterocolitis (NEC) or peritonitis, and with congenital malformations were excluded from the study (Figure 1 ). Peripheral blood culture and sensitivity results (pre and post) were reviewed and recorded.
Data collection procedure and ethical approval The data were manually recorded on a pre-validated data collection form. Data related to patient demographics, diagnosis, risk factors, clinical manifestation, proven EOS, empiric antibiotic regimen and treatment outcome were documented [15] .
Statistical analysis
Data were analyzed using SPSS for Windows version 16 
Results
Characteristics of patients with suspected early onset neonatal sepsis
A total of 852 neonates were admitted to the NICU during the 3 months of the study period; 391 of them were admitted within 72 h of life. Out of 391 cases, 323 (82.6%) cases with complete data that fulfilled the inclusion criteria were selected and reviewed. The eligible cases were regrouped into the GA group (i.e. either premature: GA < 36 weeks or term GA: ≥ 37 weeks) and BW group (i.e. either low birth weight: LBW < 2.5 kg or normal birth weight: NBW ≥ 2.5 kg) before analysis. It was noteworthy that three cases were excluded from GA group analysis due to missing gestational age information.
Demographic characteristics
Maternal demographic features Table I shows that only antibiotic administration during pregnancy and place of delivery were significantly different for the GA group. However, for the BW group, there was a significant difference for intrapartum antibiotic administration and complications during pregnancy. Almost 50.0% of the neonates were delivered by lower segment caesarean section (LSCS).
Neonatal demographic features
Both GA and BW groups showed significant differences in the categories length of hospital stay, ventilator support requirement, surfactant administration, C-reactive protein (CRP) above normal range and incidence of neonatal jaundice in the first 7 days of life. Premature and LBW neonates had a longer hospital stay, required more ventilator support and surfactant, showed less CRP above the normal range and had a greater incidence of neonatal jaundice in the first 7 days of life compared to term and NBW neonates (Table I).
Diagnosis or to treat as diagnosis
There was a significant difference in both groups regarding the main diagnosis or to treat as diagnosis when empiric antibiotics were started (Table II) . The most common diagnosis for premature and LBW neonates was respiratory distress syndrome (RDS), suspected sepsis and congenital pneumonia, whereas term and NBW neonates were commonly diagnosed with congenital pneumonia, suspected sepsis, meconium aspirate syndrome (MAS) and hypoxic ischemic encephalopathy (HIE). 
Risk factors
Maternal risk factors such as meconium stained amniotic fluid (MSAF) showed strong and significant effects on perinatal asphyxia on both GA and BW groups. Term and NBW neonates had greater maternal risk factors, especially MSAF and perinatal asphyxia, compared to premature and LBW neonates.
Prolonged rupture of the membrane > 18 h had a higher incidence in premature and LBW neonates.
Clinical manifestations
The GA groups showed a significant difference in thermoregulatory symptoms, cardiac symptoms, respiratory symptoms (grunting, respiratory distress and tachypnea) and seizures, while the BW groups showed significant differences in thermoregulatory symptoms, respiratory symptoms (apnea, grunting and respiratory distress) and seizures. Premature neonates had a higher chance of presenting with respiratory symptoms such as grunting, respiratory distress and tachypnea, but had a lower incidence of seizures. Meanwhile, LBW neonates similarly had a higher probability of presenting with respiratory distress but were less likely to experience tachycardia, bradycardia and seizures (Figure 2 ).
Empiric antibiotic treatment regimens
The most common empiric antibiotics prescribed for both groups was the C-penicillin plus gentamicin regimen (> 98.0%). There was no significant difference in the time of initiation or treatment duration for both groups (Table III) .
Proven sepsis in early onset sepsis
The number of cases of proven sepsis was equal in both groups. Premature and LBW neonates were infected with both Gram-positive and Gram-negative microorganisms, while term and NBW were infected with Gram positive microorganisms only (Table IV) .
Primary treatment outcome
A total of 178 (55.1%) cases completed treatment without any changes to the empiric antibiotic regimen. The majority of cases in the premature and LBW groups required longer treatment duration (7 days) compared to the term and NBW groups (4-5 days). Changes in empiric antibiotic within 72 h occurred in 20.4% of cases while 70 (21.7%) cases needed changes after 72 h. The reasons for treatment failure due to changes in antibiotic within 72 h are shown in the highlighted box in Table V . The forest plot of treatment failure is presented in Figure 3 . The overall treatment failure rate was higher in the LBW group (15.5%). Our results showed that death due to sepsis within the first 7 days of life occurred more often in the premature and LBW groups.
Secondary treatment outcome (discharge conditions)
Discharge conditions for both groups showed significant differences (Table VI) . Term and NBW neonates required less referral to other disciplines (ENT, ophthalmology, orthopedics, cardiology, etc.) during discharge (< 20.0%), and 74.0% of the cases reviewed were discharged well. More than 40.0% of premature and LBW groups needed referral to other disciplines, and around 48.0% were discharged after responding positively to antibiotic treatment.
Discussion
In the current practice, clinicians need to have a high suspicion index in order to start neonates with antibiotics as presumptive treatment [7] ; nearly half (45.9%) of neonates admitted to the NICU requiring hospitalization within the first 72 h of life were started with empiric antibiotics. Treating neonates for possible bacterial infection is the most common practice in NICU [16, 17] .
The 323 cases were divided into both GA and BW groups. This is because GA is associated with changes in body composition and organ function, while BW may increase pharmacokinetic variability in neonates. For example, renal drug clearance is lower in premature neonates small for gesta- tional age than those of appropriate size for gestational age [18] . Earlier evidence has shown that both GA and BW are important factors in determining drug dose and frequency in neonates [19] . This classification is suitable for comparing treatment outcomes, especially in neonates. In this study, nearly 50.0% of the mothers received antibiotics, and their babies were treated as suspected EOS. This is expected since maternal risk factors and intrapartum complications were the main contributing factors for suspected EOS in neonates. According to the Morbidity and Mortality Weekly Report (MMWR) in 2010 [20] , pregnant women with a risk of infection, including positive recto-vaginal culture, chorioamnionitis, prolonged rupture of membranes or premature delivery, should be covered with antibiotic prophylaxis during pregnancy or in the intrapartum period for prevention of perinatal group B streptococcal infection [20, 21] . The results also demonstrate that neonates of mothers who received intrapartum antibiotic prophylaxis (IAP) were more likely to be treated for suspected EOS with a prolonged hospital stay [22] .
Figure 2. Forest plot of clinical manifestation
The data are presented as odds ratio (OR) (indicated by diamonds) with the 95% CI (indicated by lines). Odds ratio of the full term and normal BW is 0; shift to the left of this line indicates lower risk in premature and low BW and vice versa.
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Almost 50.0% of the neonates in GA and BW groups were delivered through LSCS. This is because LSCS is classified as a clean-contaminated operation and IAP was given peri-operatively to reduce the risk of infection and endometritis [23] .
In our study, respiratory symptoms were significantly associated with prematurity. Prematurity is associated with many complications in neonates such as increased risk of infection [20] and risk of respiratory distress syndrome (RDS) [24] . The majority of the premature group in our study was diagnosed with RDS, followed by suspected sepsis and congenital pneumonia. Respiratory distress occurs in premature infants as a result of non-fully-developed lung anatomy and surfactant deficiency [25] . Another study showed that neonates with respiratory distress need to be treated with oxygenation, ventilation and surfactant replacement [24] . This is in agreement with our findings, where there was significant ventilator and surfactant use in premature neonates.
Meconium stained amniotic fluid occurs in 13.0% of deliveries, and at least 5.0% of those cases presented with MAS, typically in term and postterm neonates [26, 27] . The MAS may cause hypoxia and significant respiratory distress after delivery [24] . Our study found that the risk of MSAF and perinatal asphyxia was significantly associated with term neonates. The majority of term neonates were diagnosed with congenital pneumonia and presented with respiratory symptoms followed by suspected sepsis, MAS and HIE. Seizures are clinical manifestations that are significantly associated with term neonates; this was consistent with the effect of MAS and HIE in neonates.
Furthermore, EOS normally manifests as pneumonia and less commonly as meningitis and sepsis [7] . Our study shows that respiratory symptoms were common in both term and premature neonates, which is in agreement with a study conducted in the University of Michigan Health System [28] . The choice of empiric antibiotic is dependent on the probable pathogens and strong perinatal history, including maternal symptoms and culture. The current study findings show that more than 92.0% of the total cases started empiric antibiotics within 24 h and more than 98.0% started with the combination of intravenous penicillin plus gentamicin, which follows the recommendations in the National Antibiotics Guidelines set out by the Malaysian Ministry of Health for the empiric treatment of suspected EOS [9] . Blood culture was the most common investigation performed prior to empiric antibiotic administration with a diagnosis of a serious infection [29] . However, cultures with proven EOS remained scarce among the studied neonates, which was further reflected by the low number of positive cultures observed in the present study (3.1%), similar to what has been reported in the literature [6, 30] . These findings show that the choice of antibiotics used for EOS in the present study on neonates was effective. 
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The data are presented as odds ratio (OR) (indicated by diamonds) with the 95% CI (indicated by lines). Odds ratio of the full term and normal BW is 0; shift to the left of this line indicates lower risk in premature and low BW and vice versa.
The majority of premature and LBW neonates required a longer duration of treatment (7 days) compared to term and NBW neonates (4.5-5 days) to complete the empiric treatment. The reasons for these observations are risk factors such as prematurity, LBW, low APGAR score, prolonged rupture of the membrane and mothers who received intrapartum antibiotics [31] .
In this study, the treatment success rate was 89.0% for all neonates; LBW neonates had a higher risk of treatment failure. A previous study reported 10.0-20.0% treatment failure in suspected or proven EOS administered with penicillin or ampicillin plus gentamicin antibiotic therapy. These authors also reported that premature and LBW neonates may have an increased risk of treatment failure [6] .
By definition, discharge is the event where warded neonates are allowed to go home with or without a medical appointment and follow-up. In practice, the discharge decision will be based on the neonate's medical condition and the parents' readiness to take care of their babies at home [32] . Discharge conditions are important to ensure that the neonates are medically stable prior to discharge. In this study, the neonate discharge conditions were significantly different between the GA and BW groups (p < 0.5). Most of the term and NBW neonates were discharged well, while almost half of premature and LBW neonates required referral to other disciplines due to prematurity complications such as chronic lung disease, retinopathy of prematurity, intraventricular hemorrhage, cardiovascular disorders, hearing disorders and necrotizing enterocolitis.
In conclusion, most of the admitted neonates with suspected EOS in the studied facility presented with respiratory symptoms. The PROM less than 18 h may increase the risk of EOS in premature and LBW neonates, and MSAF was the main factor that contributed to EOS in term and NBW neonates. Intravenous penicillin plus gentamicin prescribed within the first 24 h of life was effective in EOS prevention, with a treatment success rate of 89.0%. However, LBW neonates may have a greater risk of treatment failure.
